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Description 

FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

1. FIELD OF THE INVENTION 

The present invention relates to a combustion ap- 
paratus provided with a function of noise silencing, by 
which the combustion noise of a small-size combustion 
apparatus burning gas or others as its fuel is sup- 
pressed. The noise suppression is made by a phase in- 
terference based on a computation of signal of anti- 
phase with respect to pressure variations caused by the 
combustion in accordance with the adaptive type active 
control. 

2. DESCRIPTION OF THE RELATED ART 

As a prior art, as shown in a patent USP51 45355, 
there is a conventional example in which noise is sup- 
pressed by the active control using a feedback control 
of pressure variations caused by the combustion. As is 
shown in FIG. 21, signal of pressure variations in a 
chamber 1 detected by a microphone 5 is delayed by a 
control means 6, and applied to a monitoring means 8 
as an anti-phase signal. At the monitoring means 8, a 
pressure variation of anti-phase on fuel is generated and 
mixed with air at a burner part 4, and thereby the pres- 
sure variation in the chamber 1 is suppressed by the 
phase interference. 

In the above-mentioned constitution, however, the 
pressure variations detected by a microphone 5 is only 
applied to the monitoring means 8 after a time delay, 
and there is no disclosure on a control for realizing an 
optimum control effect on pressure variations in the 
chamber 1 accompanied with a consideration on the 
pressure propagation characteristics for a range from 
the monitoring means 8 to the microphone 5. That is, 
first, it is assumed that a fuel supply line 3 from the mon- 
itoring means 8 to the microphone 5 has a pressure 
propagation characteristic i.e., the acoustic wave prop- 
agation characteristics as is shown in FIG.22(a). This 
graph shows a pressure waveform caused by such as 
an output characteristic of the monitoring means 8 and 
a resonance characteristic occurring in a space for a 
range from the monitoring means 8 to the chamber 1 . 
In the graph of FIG. 22(a) the abscissa is graduated with 
time and the ordinate by pressure level. Even by opti- 
mally adjusting the amplitude and the phase of a pres- 
sure signal in the chamber 1 detected by the micro- 
phone 5 indicated by a broken line in FIG.22(b) by the 
control means 6 and thereby to minimize the signal de- 
tected by the microphone 5 by feeding the above-men- 
tioned optimally adjusted pressure signal indicated by a 
solid line in FIG.22(b) to the monitoring means 8, a com- 
plete cancellation of the pressure variations is difficult. 
That is, a resulted actual pressure level in the chamber 



1 becomes a waveform such as shown in FIG.22(c) on 
which the pressure propagation characteristics shown 
by hatchings are superimposed, which propagation 
characteristics makes complete cancellation of the 
s pressure variations difficult. And associated with the 
amount of combustion, the frequency characteristics or 
the output characteristics of the combustion noise make 
variations or fluctuations, but hitherto there is no disclo- 
sure yet on procedure of suppressing the pressure var- 
iations with a sufficient accuracy corresponding to those 
above-mentioned characteristic variations. 

As for another working example, there is an art dis- 
closed by a British patent document GB2239961 -A con- 
cerning an active control, in which the instability of the 
combustion is suppressed. As is shown in FIG. 23, the 
pressure variation signal detected by a pressure trans- 
ducer provided in a combustion chamber is amplified 
and filtered, and thereafter a signal phase-shifted by a 
phase shifter and amplified by an amplifier is fed to a 
servo valve. The above-mentioned signal is applied to 
fuel through the servo valve, and then the pressure var- 
iation is transferred to the combustion chamber. There- 
by the unstable pressure variation taking place in the 
combustion chamber is suppressed. In this prior art ex- 
ample, likewise in the aforementioned prior art, consid- 
eration is not given on the pressure propagation char- 
acteristic for a range from the servo valve to the com- 
bustion chamber. This British document makes no dis- 
closure for the control realizing an optimum suppression 
effect on the pressure variations in the combustion 
chamber. Neither, a procedure of suppressing the pres- 
sure variations with a sufficient accuracy corresponding 
to the variation associated with the amount of combus- 
tion is disclosed yet. 

Furthermore, as still another prior art example, Jap- 
anese Tokkai in (Unexamined published patent applica- 
tion) JP-A-61 -296392 discloses an art that is related to 
the electronic noise silencing system. The art is such 
that the noise silencing can be made for a non-steady 
noise taking place inside a conducting duct (conduit) 
such as a tubing duct by means of an adaptive control 
based on an electronic noise silencing system. This is 
a noise silencing procedure using a feed-forward type 
adaptive active control exemplified by the active noise 
control (hereinafter ANC). As is shown in FIG.24 and 
FIG.25, noise propagating in a conducting duct is de- 
tected by a microphone M 1( and an anti-phase signal is 
computed based on the detected signal using a control- 
ler He, then the anti-phase sound is radiated inside the 
conducting duct by a speaker S provided in the conduct- 
ing duct, and thereby the noise is suppressed. At this 
time, the controller He adjusts phase and amplitude of 
the anti-phase sound so as to decrease the signal de- 
tected by a microphone M 2 based on the adaptive con- 
trol rule. And, the output characteristics of the micro- 
phone M2 and the speaker S as well as the acoustic 
propagation characteristics Gt from the speaker S to the 
microphone M 2 is identified as a pressure propagation 
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characteristic Ht under the state of absence of noise in 
the conducting duct. This identified pressure propaga- 
tion characteristic Ht is corrected and processed by the 
controller He, and the resultant signal is issued as a cor- 
rected anti-phase signal, thereby to improve the noise 
silencing effect. 

The basic principle of the above-mentioned ANC, 
however, is the one that takes a constitution of a feed- 
forward type noise silencing, in which the anti-phase 
sound is computed and radiated from a speaker S be- 
fore the arrival of detected noise after propagation. So 
far there is no prior art using a constitution in which gen- 
erated noise is suppressed by a feedback fashion. And 
corrected characteristics are the output characteristics 
of the microphone M2 and the speaker S as well as the 
acoustic propagation characteristics Gt for a range from 
the speaker S to the microphone Mg. The corrected 
pressure propagation characteristics Ht is identified un- 
der the state of absence of noise in the conducting duct. 
Consequently, in case of employing a feedback type 
control under the situation of presence of noise in the 
conducting duct in which the sound propagates from 
speaker S to the microphone M^, there is such a prob- 
lem that the pressure propagation characteristic to be 
corrected must be identified under the state of presence 
of noise. Moreover, in order to suppress the generated 
wide band irregular noise, it is necessary to compute the 
anti-phase sound by the controller He and radiate it 
through the speaker S before the noise detected by the 
microphone arrives at the speaker S after propaga- 
tion in the conducting duct. Restriction presented by the 
signal processing capability of the present day art is only 
up to several msec. Due to this limit, a distance between 
the microphone M 1 and the speaker S must be more 
than 1 m, and accordingly it has been said that the sup- 
pression of non-steadily continuing noise in a small size 
home appliances was very difficult. 

OBJECT AND SUMMARY OF THE INVENTION 

The Japan Patent JP A-3 036 897 discloses an 
electronic silenting system being able to reduce noise 
in general by correcting a control parameter. To erase 
noise it is executed in the process of detecting a noise 
by a first detector and radiating an anti-phase sound of 
the detected noise from a speaker. A propagation char- 
acteristic from the speaker to a second detector is cor- 
rected under the state of absence of noise, and the re- 
sultant signal is issued as a corrected anti-phase signal. 
But, this document does not teach to consider the prop- 
agation characteristic under the state of combustion. 

In the present invention, a first object is to suppress- 
ing the combustion noise largely by making the fuel con- 
trol means generate pressure variations of anti-phase 
therefrom and making the pressure interference in a 
combustion chamber more effective, considering the 
pressure propagation characteristics i.e., acoustic wave 
propagation characteristics for a range from a fuel con- 
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trol means to a pressure detector under the state of com- 
bustion; and at the same time to suppress the combus- 
tion noise corresponding with a sufficient accuracy to 
the variations of the combustion noise characteristics by 
s applying the adaptive type active control. 

A second object of the present invention is that, by 
providing an acoustic wave generation means for gen- 
erating an anti-phase sound in the vicinity of upper side 
part of an exhaust outlet and providing a second pres- 
70 sure detector between the exhaust outlet and the acous- 
tic wave generation means, a positive-negative doublet 
sound source is constituted in a manner having the ex- 
haust outlet as a positive sound source and the acoustic 
generation means as a negative sound source. There- 
in by, the combustion noise radiated from the exhaust out- 
let is reduced for all the directions, and at the same time 
the combustion noise is reduced with a sufficient accu- 
racy corresponding to variations of the combustion 
noise characteristics. 
20 in order to achieve the above-mentioned objects 
the apparatuses comprises the features of claims 1, 6, 
7 and 8. A first mode of the apparatus of the present 
invention comprises: a fuel control means for controlling 
the amount of fuel supply and a pressure detector for 
25 detecting pressure variations caused by the combus- 
tion, thereby to cancel the pressure variation by phase 
interference by means of feedback type control wherein 
an anti-phase signal is produced based on a signal from 
the pressure detector and the anti-phase signal is ap- 
30 plied to the fuel control means, the combustion appara- 
tus further comprising an electric filter for correcting a 
change of pressure propagation characteristic means 
for correcting an influence of a pressure propagation 
characteristics i.e., the acoustic wave propagation char- 
ts acteristics for a range from the fuel control means to the 
pressure detector under the state of combustion, adap- 
tive processing means for computing an anti-phase sig- 
nal to obtain pressure variations substantially becoming 
anti-phase at the position of the pressure detector in ac- 
40 cordance with both the signal of the pressure detector 
and the signal of the pressure detector which has 
passed through the electric filter for correcting a change 
of pressure propagation characteristic and means for 
applying the signal of the adaptive signal processing de- 
45 vice to the fuel control means. 

in accordance with the above constitution, the elec- 
tric filter for correcting a change of pressure propagation 
characteristic realizes a pressure propagation charac- 
teristic for a range from the fuel control means to the 
so pressure detector under the state of combustion. As a 
result, variations of the pressure propagation character- 
istic due to the combustion, propagation characteristics 
for a range from the fuel control means to the pressure 
detector, and an electroacoustical conversion charac- 
55 teristic can be corrected. Thereby the combustion noise 
can be reduced largely by generating an anti-phase 
sound accurately. Furthermore, because of using the 
adaptive type active control, the noise silencing effect 
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can be exhibited ai) the time also on the variation of the 
combustion noise. 

In order to achieve the second object of the present 
invention, a second mode of the apparatus of the 
present invention comprises: a pressure detector for de- s 
tecting pressure variations caused by the combustion, 
thereby to cancel the pressure variation by phase inter- 
ference by means of feedforward type control wherein 
an anti-phase signal is produced based on a signal from 
the pressure detector to issue an anti-phase sound; the 
combustion apparatus further comprising: a first pres- 
sure detector for detecting the pressure variation 
caused by the combustion in a combustion chamber; 
acoustic wave generation means for generating the anti- 
phase sound provided at upper side of the exhaust out- 
let; a second pressure detector provided between and 
in proximity to the exhaust outlet and the acoustic wave 
generation means; pressure propagation characteristic 
correction means for correcting an influence of a pres- 
sure propagation characteristics for a range from the 
acoustic wave generation means to the second pres- 
sure detector; adaptive processing means for comput- 
ing based on the adaptive control rule an anti-phase sig- 
nal which makes combustion noise cancel by the phase 
interference in accordance with the signal of the first 
pressure detector and the signal of the second pressure 
detector having passed through the electric filter for cor- 
recting a change of pressure propagation characteristic, 
and thereby to minimize signals to be detected by the 
second pressure detector; and means for radiating out- 
put signal of the adaptive processing device as acoustic 
wave from the acoustic wave generation means. 

In accordance with the above constitution, the elec- 
tric filter for correcting a change of pressure propagation 
characteristic corrects the pressure propagation char- 
acteristic i.e., the acoustic wave propagation character- 
istics for a range from the acoustic wave generation 
means to the pressure detector and the electro-acoustic 
conversion characteristic. Then the acoustic wave gen- 
eration means generates the anti-phase sound with a 
sufficient accuracy. Since the acoustic wave generation 
means is provided in the vicinity of the exhaust outlet, 
constitution becomes a positive-negative doublet sound 
source. Thereby the combustion noise of low frequen- 
cies radiated from the exhaust outlet can be reduced for 
all the directions. And, in case that, for the combustion 
noise, the Helmholtz resonance determined by the 
space of such as the combustion chamber and the ex- 
haust duct is dominant, and the combustion noise can 
be reduced even when the distance between the first 
pressure detector and the acoustic wave generation 
means is made as short as less than 60 cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of a gas hot water server as a 
first working example of the combustion apparatus of 
the present invention. 
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FIG. 2 is an expanded cross-sectional view of a gas 
flow rate controlling valve with related circuit of the 
above-mentioned example. 

FIG. 3 is a circuit diagram inside a signal processing 
means of the above-mentioned example. 

FIG.4 is a schematic drawing of internal constitution 
of the above-mentioned apparatus. 

FIG. 5(a). FIG.5(b)and FIG.5(c) are graphs of wave- 
forms of pressure levels showing principle of noise si- 
lencing of the above-mentioned example. 

FIG. 6 is a cross-sectional view of installation of a 
microphone of the above-mentioned example. 

FIG.7 is a front view of a gas hot water server as a 
second working example of the combustion apparatus 
of the present invention. 

FIG. 8 is a circuit diagram inside a signal processing 
means of the above-mentioned example. 

FIG. 9 is a front view of a gas hot water server as a 
third working example of the combustion apparatus of 
the present invention. 

FIG. 10 is a circuit diagram inside a signal process- 
ing means of the above-mentioned example. 

FIG. 11 is a front view of a gas hot water server as 
a fourth working example of the combustion apparatus 
of the present invention. 

FIG. 12 is a cross-sectional view of installation of a 
speaker of the above-mentioned example. 

FIG. 13 is a noise silencing characteristic of the 
above-mentioned example. 

FIG. 14 is a front view of a gas hot water server as 
a fifth working example of the combustion apparatus of 
the present invention. 

FIG. 15 is a radiation pattern of a positive-negative 
doublet sound source of the above-mentioned example. 

FIG. 16 is a front view of a gas hot water server as 
a sixth working example of the combustion apparatus of 
the present invention. 

FIG. 17 is a front view of a gas hot water server as 
a seventh working example of the combustion appara- 
tus of the present invention. 

FIG. 18 is a front sectional view of a heat exchanger 
of the examples of the present invention. 

FIG. 19 is a front view of a gas hot water server as 
a eighth working example of the combustion apparatus 
of the present invention. 

FIG.20 is a radiation pattern of a negative-positive- 
negative triplet sound source of the above-mentioned 
example. 

FIG. 21 is a schematic drawing of a combustion ap- 
paratus of the first prior art wherein an active control is 
applied to. 

FIG.22(a), FIG.22(b) and FIG.22(c) are waveforms 
of pressure levels and noise silencing of the above-men- 
tioned first prior art apparatus. 

FIG. 23 is a schematic partial section view of a com- 
bustion apparatus of a second prior art wherein an ac- 
tive control is applied to. 

FIG.24 is a schematic drawing of an electronic si- 
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lencing system of a third prior art wherein an active con- 
trol is applied to. 

FIG. 25 is a block diagram showing a model of the 
above-mentioned third prior art. 

It will be recognized that some or all of the Figures 
are schematic representations for purposes of illustra- 
tion and do not necessarily depict the actual relative siz- 
es or locations of the elements shown. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

((FIRST EMBODIMENT)) 

In the following, a first working example of the 
present invention is explained in a case embodied in a 
small size gas hot- water server for home use shown in 
FIG.1 toFIG.6. 

The constitution of the present working example, as 
shown in FIG.1 and FIG. 2, comprises in a casing 15: a 
sirocco fan 9 which is a blower for supplying air for the 
combustion, a gas flow control valve 10 which is a fuel 
control means for controlling the flow rate of gas used 
as a fuel, a main body controller 11 for supplying a com- 
bustion rate control signal to the gas flow control valve 
10 and the sirocco fan 9. The main body controller con- 
trols these for controlling the temperature of served wa- 
ter from the hot water server. The apparatus further 
comprises a valve controller 12 for controlling the gas 
flow control valve 10, a mixing chamber 13 for mixing 
gas and air appropriately, an exhaust duct 1 6 having an 
exhaust outlet 17, and a heat exchanger for transferring 
the heat by the combustion to water. And further the ap- 
paratus comprises a microphone 19 which is a pressure 
detector provided in the combustion chamber 1 4 for tak- 
ing out the pressure variation occurring in the combus- 
tion, a signal processing device 20 which is an adaptive 
signal processing means for computing signals sub- 
stantially becoming anti-phase based on the signal de- 
tected by the microphone 1 9, a DC voltage controller 21 
(FIG.2) for feeding a DC voltage to the valve controller 
12 which controls the gas flow rate by driving the gas 
flow control valve 10, and a DC/AC mixing circuit 22 for 
superimposing an AC voltage on the above-mentioned 
DC voltage. 

Hereupon, the gas flow control valve 10 is, as 
shown in FIG.2, of a moving coil type, which is superior 
in quick response characteristic because of its light- 
weight driven element. It comprises a gas inlet port 23, 
a valve seat 25, a valve body 26, a spring 27 for pushing 
up the valve body 26, a magnet 28 and a coil 29 for push- 
ing down the valve body 26, and a shaft 30 for connect- 
ing the coil 29 and a valve body 26. Furthermore, the 
above-mentioned signal processing device 20 compris- 
es as shown in FIG.3, a first amplifier 31 for amplifying 
a signal from the microphone 19, an A/D converter 32 
for converting an analog signal to a digital signal, a fixed 
filter 33-1 which is a pressure propagation characteristic 
correction device composed of an FIR (Finite Impulse 



Response) filter for filtering one of three signals divided 
from the signal from the A/D converter 32, an adaptive 
processing device 34 for computing the anti-phase sig- 
nal based on the signal passed through the above-men- 

s tioned fixed filter 33-1 and other remaining two signals 
of those three signals, a D/A converter 35 for converting 
the anti-phase digital signal obtained above into an an- 
alog signal, and a second amplifier 36 amplifying signal 
from the D/A converter 35. The adaptive processing de- 

io vice 34 further comprises an adaptive filter 37 which is 
realized by an FIR filter whose coefficients are change- 
able and a coefficient updating circuit 38 whereby the 
coefficients of the adaptive filter 37 are updated and also 
whereinto a least-mean -square algorithm is installed. 

15 in accordance with the constitution described 
above, the action and the effect described below are ex- 
hibited. First, explanation is given on an operation in 
which an anti-phase signal is applied on combustible 
gas as the pressure variation. The anti-phase signal 

20 computed by the signal processing device 20 is inputted 
to the DC/AC mixing circuit 22 of the valve controller 1 2 
and out putted into the gas flow through the gas flow con- 
trol valve 1 0, as the pressure variation. Hereupon, in ac- 
cordance with the instruction of the main body controller 

2$ 1 1 , the gas flow control valve 1 0 controls the combustion 
rate in a manner to keep the gas flow rate constant. This 
is achieved by balancing between a upward force acted 
from the spring 27 and a pushing down force of the valve 
body 26 by a force given through the shaft 30 caused 

30 by the action of an electromagnetic force induced by the 
magnet 28 and the coil 29, depending on a DC voltage 
supplied from the DC voltage controller 21 . Thereby the 
gap between the valve seat 25 and the valve body 26 is 
kept to a constant spacing. Under the state of keeping 

35 the constant spacing, by such action that the corrected 
anti-phase signal which has been mixed in the DC/AC 
mixing circuit 22 is inputted in the coil 29, the valve body 
26 makes vibration by the action of the electromagnetic 
force. Thereby the spacing between the valve seat 25 
and the valve body 26 also vibrates, and a pressure var- 
iation is superimposed on the gas. Next, explanation is 
given on the action and the effect of computation of the 
anti-phase signal and the suppression of the combus- 
tion noise. The fixed filter 33-1 is such one that has been 

45 made by identifying the pressure propagation charac- 
teristic C from the gas flow control valve 10 to the mi- 
crophone 1 9 under the state where the gas hot water 
server is already being operated and the combustion is 
being made as shown in FIG.4. Therefore, this pressure 

50 propagation characteristic C (in FIG.3) includes such as 
an electrical signal to pressure variation conversion 
characteristic of the gas flow control valve 10, a sound 
pressure variation to electrical signal conversion char- 
acteristic of the microphone 1 9, a resonance character- 
's istic occurring during the pressure propagation from the 
gas flow control valve 10 to the microphone 1 9, and var- 
iations of phase and amplitude characteristic occurring 
at the time when the pressure variation passes through 
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a flame. 

Next, from the signal of the pressure variation in the 
combustion chamber 14 detected by the microphone 
19, an influence of the pressure propagation character- 
istic C at the time of combustion is corrected by the fixed 
filter 33-1; and based on this signal, a corrected anti- 
phase signal is computed by the adaptive processing 
device 34. Thus a corrected anti-phase output wave- 
form shown by a solid line of FIG.5(b) can be computed. 
Signal shown by this solid line of FIG. 5(b) is outputted 
to the gas flow control valve 10, thereby producing a 
pressure variation in the fuel, and the output waveform 
of the pressure propagation characteristic C shown by 
FIG.5(a) which has been used for correction is super- 
imposed when the above-mentioned pressure variation 
propagates down to the combustion chamber. As a re- 
sult, such pressure variation waveform as shown by the 
solid line of FIG. 5(c) (that which is obtainable by invert- 
ing the phase of the pressure waveform detected in the 
combustion chamber 14 shown by the dotted line) can 
effectively be realized in the combustion chamber 14. 
That is, since the pressure variation substantially be- 
coming anti-phase to that occurring in the combustion 
chamber 14 can be realized with a sufficient accuracy 
in the combustion chamber 14, the pressure variation 
can be suppressed by the phase interference, thereby 
the combustion noise can be reduced largely. 

Moreover, in the adaptive processing device 34, the 
coefficients of the adaptive filter 37 are updated by the 
least-mean-square algorithm of the coefficient updating 
circuit 38 in a manner that the combustion noise detect- 
ed by the microphone 19 becomes minimum, and thus 
the corrected anti-phase signal is computed in real time. 
Therefore, even when the combustion level is changed 
and hence the combustion noise characteristic varies, 
the silencing effect can act regardless of the combustion 
state. And further, since the gas flow control valve 10 is 
used as a control actuator, control of the combustion 
rate and the suppression of the combustion noise can 
be achieved by a single valve. Moreover, for the anom- 
alous combustion in which a large amount of NO x and/ 
or CO are produced in the exhaust gas and the combus- 
tion noise is large, when the microphone 1 9 detects a 
sound pressure exceeding a predetermined threshold, 
it is judged that an anomalous combustion takes place, 
and production of NO x and/or CO can be suppressed 
by controlling the gas flow. That is, by the instruction of 
a main body controller 11 , the voltage applied to the DC 
voltage controller 21 of a valve controller 1 2 is changed 
and the fuel flow rate is controlled. Thereby, the rotation 
speed of the sirocco fan 9 is controlled and the air supply 
rate can be controlled. And thus the occurrence of the 
anomalous combustion is prevented, and suppressing 
the yield of NO x also becomes possible. And, as is 
shown in FIG.6, a microphone 1 9 has a constitution that 
a pressure intake tap 39 is attached to the combustion 
chamber 14, and this pressure intake tap 39 and the mi- 
crophone 1 9 are connected by a silicon tube 41 in which 
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glass wool 40 is filled. By this configuration, in compar- 
ison with a constitution that the microphone 19 is at- 
tached directly to the combustion chamber 1 4, it is pos- 
sible to reduce the characteristic degradation of the mi- 
s crophone 1 9 due to heat from 1 4. And, possible adverse 
effect to the acoustic transfer characteristic of standing- 
wave resonance occurring inside the silicon tube 14 is 
also reduced by the sound absorbing property of the 
glass woo! 40. 

10 Apart from the afore-mentioned example in which 
the least-mean- square method was used as for the 
method for making the detected signal energy minimum 
was taken up, the maximum likelihood estimate method, 
or other estimate methods can exhibit the similar effect. 

is Furthermore, since those signals detected in the com- 
bustion chamber 14, in the mixing chamber 13, and in 
the exhaust duct 16 have mutually high correlations, a 
configuration that the microphone 19 is provided in the 
mixing chamber 1 3 or in the exhaust duct 1 6 also exhib- 

20 its the similar effect. Moreover, apart form the above- 
mentioned configuration of using the microphone 19 as 
the pressure detector, other detectors can be used for 
detecting other physical variations caused by the fire 
flame of the combustion such as a vibration detector for 

25 detecting the vibration associated with the fire flame on 
the outer wall, in the combustbn chamber 1 4, or an op- 
tical detector for detecting the light radiated from the fire 
flame, or an ion current detector for detecting an ion cur- 
rent flowing corresponding to the chemical reaction of 

30 the combustion, also exhibiting the similar effect. 

«SECOND EMBODIMENT)} 

Next, the second working example of the present 

35 invention is explained referring to FIG. 7 and FIG. 8. To 
those parts having the same construction and perform- 
ing the same function as in the first working example 
described above, the same numerals are given and de- 
tailed explanations on those parts are omitted, and the 

40 explanation is given mainly on the parts differing from 
the first working example. 

As is shown in FIG.7 and FIG.8, the constitution of 
the present working example comprises: a first micro- 
phone 1 9a provided in a combustion chamber 14, a sec- 

45 ond microphone 19b provided at the upper part of an 
exhaust outlet 1 7, a first amplifier 31 a for amplifying the 
signal detected by the first microphone 1 9a, a first A/D 
converter 32a for converting this signal to a digital sig- 
nal, a second amplifier 31 -b for aplifying the signal de- 

so tected by the second microphone 19b, a second A/D 
converter 32b for converting this signal to a digital sig- 
nal, a fixed filter 33-2 for issuing the anti-phase signal, 
an adaptive processing device 34 having therein an 
adaptive filter 37, and a coefficient updating circuit 38 

55 for updating the coefficient. The fixed filter 33-2 for re- 
alizing the pressure propagation characteristic at the 
time of combustion is the one which is resulted by iden- 
tifying the pressure propagation characteristic D of, 
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such as, electrical signal to pressure variation conver- 
sion characteristic of the gas flow control valve 10, a 
sound pressure variation to electrical signal conversion 
characteristic of the microphone 1 9b, a resonance char- 
acteristic occurring during the pressure propagation for 
a range from the gas flow control valve 10 to the micro- 
phone 19b, and variations of pressure variation charac- 
teristic occurring at the time when the pressure variation 
passes through the flame. 

In accordance with the above-mentioned constitu- 
tion, pressure variation occurring in the combustion 
chamber 1 4 is detected by the first microphone 1 9a, and 
the combustion noise radiated from an exhaust outlet 
17 is detected by the second microphone 19b provided 
at the upper part of the exhaust outlet 1 7. The signal 
detected by the first microphone 1 9a passes through the 
first amplifier 31a and the first A/D converter 32a and 
divided into two. One signal is taken into the fixed filter 
33-2, other signal is taken into the adaptive fitter 37. At 
the coefficient updating circuit 38, signal passed through 
the fixed filter 33-2 and signal detected by the second 
microphone 1 9b are taken into it. The coefficient updat- 
ing circuit 38 installs therein a least-mean-square algo- 
rithm by which the squared values of errors of signal de- 
tected by the second microphone 19b become mini- 
mum, and therein the coefficients of the adaptive filter 
37 are updated in a manner that the phase characteristic 
of the signal detected by the first microphone 19a is in- 
verted. The signal detected by the first microphone 1 9a 
is inputted into the fixed filter 33-2, in which the pressure 
propagation characteristic is realized and a digital anti- 
phase signal of corrected anti-phase characteristic is is- 
sued from the adaptive processing device 34. This cor- 
rected anti-phase signal is outputted to the combustible 
gas as a pressure variation. On the corrected anti-phase 
pressure variation impressed on gas, the effect of pres- 
sure propagation characteristic is further superimposed 
during the propagation process down to the combustion 
chamber 14, thus it becomes effectively anti-phase in 
the combustion chamber, and the pressure variation is 
suppressed by the phase interference. The adaptive 
processing device 34 performs the control in a manner 
that the sound pressure impressed on the second mi- 
crophone 19b detected at the exhaust outlet 17 be- 
comes minimum at the exhaust outlet 1 7, from which 
most of the combustion noise is radiated, and therefore 
the combustion noise can be suppressed certainly. 

«THIRD EMBODIMENT)) 

Next, a third working example of the present inven- 
tion is explained referring to FIG. 9 and FIG.1 0. To those 
parts having the same construction and performing the 
same function as in the first working example described 
earlier, the same numerals are given and detailed ex- 
planations on those parts are omitted. And the explana- 
tion is given mainly on the parts differing from the first 
working example. 



As is shown in FIG.9 and FIG.10, the constitution 
of the present working example comprises: a first micro- 
phone 1 9a provided in a combustion chamber 14, a sec- 
ond microphone 19b provided at the upper part of an 

5 exhaust outlet 17, a mixing chamber 13 for mixing fuel 
air and located at upper stream side of the flame, a 
speaker 42 which is an acoustic wave generation 
means, a first amplifier 31a for amplifying the signal de- 
tected by the first microphone 1 9a, a first A/D converter 

io 32a for converting this signal to a digital signal, a second 
amplifier 31b for amplifying the signal detected by the 
second microphone 19b, a second A/D converter 32b 
for converting this signal to a digital signal, a fixed filter 
33-3 for issuing the anti-phase signal, an adaptive 

is processing device 34 for issuing an anti-phase signal, 
an adaptive fitter 37 provided in the adaptive processing 
device 34 and a coefficient updating circuit 38. The fixed 
fitter 33-3 identifies and realizes the acoustic transfer 
characteristic E from the speaker 42 to the second mi- 

20 crophone19b. 

In accordance with the above-mentioned constitu- 
tion, the pressure variation occurring in the combustion 
chamber 1 4 is detected by the first microphone 1 9a, the 
combustion noise radiated from the exhaust outlet 17 is 

25 detected by the second microphone 1 9b provided at the 
upper part of 17. The signal detected by the first micro- 
phone 19a passes through the first amplifier 31a and 
the first A/D converter 32a and divided into two. One 
signal is taken into the fixed filter 33-3, other signal is 

30 taken into the adaptive filter 37. The fixed filter 33-3 is 
composed of an FIR fitter realizing an acoustic transfer 
characteristic E at the time of combustion from the 
speaker 42 down to the second microphone 1 9b. At the 
coefficient updating circuit 38, signal passed through the 

35 fixed filter 33-3 and signal detected by the second mi- 
crophone 19b are taken into it. Since the coefficient up- 
dating circuit 38 installs a least-mean-square algorithm, 
which is the adaptive control rule whereby the squared 
values of errors of signal detected by the second micro- 

io phone 19b become minimum, the coefficients of the 
adaptive filter 37 are updated in a manner that the phase 
characteristic of the signal detected by the first micro- 
phone 19a is inverted. 

At the adaptive processing device 34, signal detect- 

45 ed by the first microphone 1 9a is inputted into the adap- 
tive filter 37 which is for realizing the anti-phase charac- 
teristic, and a digital anti-phase signal of corrected anti- 
phase characteristic is issued. This corrected anti- 
phase signal is converted into analog signal by the D/A 

50 converter 35, amplified by the second amplifier 36 and 
inputted into the speaker 42. Then, the speaker 42 out- 
puts a pressure variation, which is of corrected anti- 
phase to the sound generated from the flame vibration, 
is outputted into the gas-air mixed gas. The pressure 

55 variation of the corrected anti-phase superimposed on 
the mixed gas propagates down to the combustion 
chamber 14, and the pressure variation is suppressed 
by the phase interference. 
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Furthermore, since the adaptive processing device 
34 performs the control in a manner to minimize the 
sound pressure impressed on the second microphone 
19b detected at the exhaust outlet 17 by driving the 
speaker 42, the suppression ot the combustion noise 
can be made certainly at the exhaust outlet 17, from 
which most of the combustion noise is radiated. Here- 
upon, by installing a speaker 42 in the mixing chamber 
1 3, it becomes possible to apply the anti phase sound 
over the whole volume of gas for the combustion. There- 
by, as compared with a prior art constitution in which the 
anti-phase sound is applied only on fuel and air, the 
combustion noise can be suppressed more efficiently. 
Moreover, since the noise detected by the first micro- 
phone 19a includes not only combustion noise but also 
blower noise generated by the sirocco fan 9, the speaker 
42 can also silence the blower noise. 

A further example comprises: A feed back circuit in- 
cluding a pressure detector 19 generating an electric 
signal in response to pressure variations substantially 
being caused by the combustion and signal processing 
means (20) producing an anti-phase signal based on the 
signal from said pressure detector and applied to an 
acoustic wawe generation means (42) to cancel said 
pressure variations by phase interference wherein said 
acoustic wave generation means (42) is provided in a 
mixing chamber 13 in which fuel and air are mixed at 
the upper stream side of a burner to generate an anti- 
phase sound corresponding to said anti-phase signal; 
the signal processing means (20) including a fixed elec- 
tric filter (33-3) correcting an acoustic transfer charac- 
teristic of a range from said acoustic wave generation 
means to said pressure detector (19) under the state of 
combustion, said acoustic transfer characteristic having 
been identified beforehand under the state of combus- 
tion; and adaptive processing means (34) computing the 
anti-phase signal; said adaptive processing means (34) 
including an adaptive filter (37) operating in response to 
the output of said fixed electric filter (33-3) via a filter 
coefficient updating circuit (38) as well as the signal from 
the pressure detector directly, said filter coefficient up- 
dating circuit (38) updating the coefficients of the adap- 
tive filter; and means for applying the anti-phase signal 
of said adaptive filter processing means to said acoustic 
wave generation means (42). 

(Fourth embodiment) 

Next, the fourth working example of the present in- 
vention is explained referring to FIG. 11 and FIG. 12. To 
those parts having the same construction and perform- 
ing the same function as in the first working example, 
described earlier, the same numerals are given and de- 
tailed explanations on those parts are omitted. And the 
explanation is given mainly on the parts differing from 
the first working example. 

As is shown in FIG. 11 and FIG. 12, the constitution 
of the present working example comprises: a first micro- 
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phone 1 9a provided in a combustion chamber 14, a sec- 
ond microphone 19b provided at the upper part of an 
exhaust outlet 1 7, and a speaker 42 provided in the ex- 
haust duct at the down stream side of the flame as an 

s acoustic wave generation means for generating acous- 
tic wave of an anti-phase into an exhaust duct 1 6. At this 
time, the distance between the first microphone 1 9a and 
the speaker 42 is as short as less than several 10 cm. 
And, the fixed filter 33-3 (shown in FIG. 10) identifies and 

10 realizes the acoustic transfer characteristic F on which 
the acoustic output from the speaker 42 propagates 
down to the second microphone 19b. Furthermore, it is 
constituted by covering the speaker 42 with a speaker 
box 43, and, by providing a heat-resistive thin vibration 

is plate 44 between the exhaust duct 16 and the speaker 
42 at the same tame. 

In accordance with the above-mentioned constitu- 
tion, signal detected by the first microphone 19a is, as 
is shown in FIG.1 0, divided into two. One signal is taken 

20 into the fixed filter 33-3, and the other signal is taken 
into the adaptive filter 37. The fixed filter 33-3 is com- 
posed of an FIR filter for realizing an acoustic transfer 
characteristic F at the time of combustion for a range 
from the speaker 42 down to the second microphone 

2S 19b. Signal detected by the first microphone 1 9a is in- 
putted into the adaptive filter 37, and a digital anti-phase 
signal of inverted characteristic is issued therefrom. This 
corrected anti-phase signal is converted into analog sig- 
nal by the D/A converter 35, after amplified by the sec- 

30 ond amplifier 36, inputted into the speaker 42, and then, 
sound of corrected anti-phase to what is generated from 
the flame vibration is generated from the speaker 42. At 
this time, the acoustic wave makes the thin vibrating 
plate 44 vibrate, thus to issue the acoustic wave from 

35 the thin vibrating plate 44 into the exhaust gas in the 
exhaust duct 16. The sound substantially becoming an- 
ti-phase is generated from the speaker 42 when the 
combustion noise generated due to the fire flame prop- 
agates in the exhaust duct 16, and thereby the combus- 

40 tion noise is canceled by the phase interference action. 
That is, a feedforward control acts on the speaker 42 in 
a manner to minimize the sound pressure impressed on 
the second microphone 1 9b detected at the exhaust out- 
let 17, and the combustion noise radiated from the ex- 

45 haust outlet 17 can be suppressed as is shown in FIG. 
13. 

Hereupon, in a system in which periodic noises are 
removed and a control system based on the ANC (Ac- 
tive Noise Control) is applied, it is said that, at least sev- 
so era I msec is necessary for the time period which starts 
from the detection of noise, performs the computation 
of the anti-phase based on the detected signal and fin- 
ishes the issuing of the sound from the speaker 42. That 
is, in order to silence the noise detected by the first mi- 
ss crophone 1 9a by the speaker 42, more than 1 meter is 
required for the distance between the first microphone 
19a and the speaker 42. However, the inventor found 
by experiment that the silencing of noise was possible 
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by a distance less than 60 cm. The reason is estimated 
that, tor the combustion noise occurring in small size gas 
hot water servers or the likes, fluctuating sound gener- 
ated by the Helmholtz resonance determined by the vol- 
ume of the mixing chamber 13 and the combustion 5 
chamber 14 as well as by the length of the exhaust duct 
16 is dominant. Even during the time which is not suffi- 
cient to cover the computation time (about 1 msec), for 
the noise whose main components are the resonating 
sound of low frequency range, the noise silencing effect 
can be exhibited by predicting the succeeding variation, 
hence it makes the noise silencing possible with a short 
distance less than several ten cm. Hereupon, when the 
Helmholtz resonance occurs, particle velocity takes its 
maximum value at such part of the exhaust duct 1 6 that 
the cross-sectional area of the duct is smallest. Since 
the speaker 42 is provided in the exhaust duct, the 
acoustic impedance can be changed by controlling the 
particle velocity by driving the speaker 42, and thus the 
resonance sound can be reduced. 

«FIFTH EMBODOMENT» 

Next, the fifth working example of the present inven- 
tion is explained referring to FIG. 14. To those parts hav- 
ing the same construction and performing the same 
function as those in the fourth working example de- 
scribed above, the same numerals are given and de- 
tailed explanations on those parts are omitted. And the 
explanation is given mainly on the parts differing from 
the fourth working example. 

As is shown in FIG. 14, the constitution of the 
present working example comprises: a first microphone 
1 9a provided in a combustion chamber 1 4, a speaker 
42 provided on the upper side of an exhaust outlet 17 
as an acoustic wave generation means for generating 
sound of an anti-phase, a second microphone 19b pro- 
vided at a center on a line connecting the center of the 
speaker 42 and the center of the exhaust outlet 1 7, a 
first amplifier 31a (FIG. 10) for amplifying the signal de- 
tected by a first microphone 19a, a first A/D converter 
32a for converting this signal to a digital signal, a second 
amplifier 31 b for amplifying the signal detected by the 
second microphone 1 9b, a second A/D converter 32b 
for converting this signal to a digital signal, an adaptive 
processing device 34 including an adaptive filter 37 
therein for issuing an anti-phase signal, a fixed fitter 
33-3, and a coefficient updating circuit 38. The fixed filter 
33-3 identifies and realizes the acoustic transfer char- 
acteristic G for the sound path for a range from the 
speaker 42 to the second microphone 1 9b. At this time, 
the distance between the first microphone 1 9a and the 
speaker 42 is as short as less than 60 cm. 

In accordance with the above-mentioned constitu- 
tion, the pressure variation occurring in the combustion 
chamber 1 4 is detected by the first microphone 1 9a, the 
combustion noise radiated from the exhaust outlet 17 is 
detected by the second microphone 1 9b provided at the 



upper part of the exhaust outlet 17. The signal detected 
by the first microphone 1 9a passes through the first am- 
plifier 31 a and the first A/D converter 32a and divided 
into two. One signal is taken into the fixed filter 33-3, 
and the other signal is taken into the adaptive filter 37. 
The fixed filter 33-3 is composed of an FIR filter realizing 
an acoustic transfer characteristic G for a range from 
the speaker 42 down to the second microphone 1 9b. At 
the coefficient updating circuit 38, signal passed through 
the fixed filter 33-3 and signal detected by the second 
microphone 19b are taken into it. And a least-mean- 
square algorithm, which is the adaptive control rule, by 
which the squared values of errors of signal detected by 
the second microphone 19b become minimum is in- 
stalled in the coefficient updating circuit 38. Therefore 
the coefficients of the adaptive filter 37 are updated in 
a manner that the phase characteristic of the signal de- 
tected by the first microphone 19a is inverted. Into the 
adaptive filter 37 in which the corrected inverted char- 
acteristic is realized, the signal detected by the first mi- 
crophone 1 9a is inputted, and digital anti-phase signal 
of corrected inverted characteristic is outputted. This 
corrected anti-phase signal is converted into analog sig- 
nal by the D/A converter 35, and then amplified by the 
second amplifier 36. Then, the amplified signal is input- 
ted into the speaker 42 provided at the upper part of the 
exhaust outlet 17, and thus from the speaker 42 a cor- 
rected acoustic wave substantially becomgin of anti- 
phase is issued. 

Hereupon, the combustion noise is a low-frequency 
noise of long wavelength, and almost thereof is radiated 
from the exhaust outlet 17 into space. Now, the exhaust 
outlet 17 is taken as a positive sound source and the 
speaker 42 as a negative sound source is provided at a 
sufficiently short distance therefrom in comparison with 
this wavelength, and further the sound radiation planes 
of the exhaust outlet 1 7 and the speaker 42 are arranged 
on one common ptane, and the second microphone 1 9b 
is provided at a nearest position to this radiation plane 
and on a line connecting centers thereof; then, a posi- 
tive-negative doublet sound source can be realized. 
That is, as is shown in FIG. 15, which is the radiation 
pattern of noise silencing action, the combustion noise 
in the front direction can be reduced largely, exhibiting 
a characteristic enabling the reduction of the combus- 
tion noise in all the directions, upper-, lower-, left-, and 
right-directions. 

«SIXTH EMBODIMENT)) 

Next, on the sixth working example of the present 
invention, explanation is given referring to FIG. 16. To 
those parts having the same construction and perform- 
ing the same function as in the fifth working example 
described above, the same numerals are given and de- 
tailed explanations on those parts are omitted; and the 
explanation is given mainly on the parts differing from 
the fifth working example. 
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As is shown in FIG.16, the constitution ot the 
present working example is that in which a first micro- 
phone 1 9a is provided in the mixing chamber 1 3 for mix- 
ing the gas and air therein. 

By using the above constitution, the pressure vari- 
ation of mixing chamber 13 is detected by the first mi- 
crophone 19a, and the combustion noise radiated from 
the exhaust outlet 17 is detected by the second micro- 
phone 1 9b provided at the upper part of the exhaust out- 
let 17. The control action for performing the silencing of 
noise is carried out by the same function as in the above 
fifth working example. At this time, since the first micro- 
phone 19a is provided in the mixing chamber 13, the 
first microphone 19a does not suffer any adverse influ- 
ence due to heat, thereby the degradation -resistant 
characteristic or the durability against heat is improved. 

«S EVE NTH EMBODIMENT)) 

Next, a seventh working example of the present in- 
vention is explained referring to FIG. 17 and FIG. 18. To 
those parts having the same construction and perform- 
ing the same function as in the fifth working example 
described before, the same numerals are given and de- 
tailed explanations on those parts are omitted; and the 
explanation is given mainly on the parts differing from 
the fifth working example. 

As is shown in FIG. 17, the constitution of the 
present working example is provided with an exhaust 
duct 16 for conducting heat and the exhaust gas pro- 
duced by the combustion to an exhaust outlet 1 7, a heat 
exchanger 18 provided in the exhaust duct 16, and its 
first microphone 1 9a is set between the heat exchanger 
18 and the exhaust outlet 17. 

By using the above constitution, as is shown in FIG. 
18, the first microphone 19a detects combustion noise 
of combustion-generated exhaust gas, after its turbulent 
flow is rectified by making it pass through spaces be- 
tween a plurality of heat-collecting plates 45 of a heat 
exchanger 18, and the second microphone 19b (in FIG. 
17) detects the combustion noise radiated from the ex- 
haust outlet 17. The control action for performing the si- 
lencing of noise is to be carried out by the same function 
as in the fifth working example described before. At this 
time, since the first microphone 1 9a is provided between 
the heat exchanger 18 and the exhaust outlet 17, the 
first microphone 1 9a detects the combust ion noise after 
the turbulent noise caused by the turbulence of the flow 
is suppressed by the rectification effect of a plurality of 
heat-collecting plates 45. Accordingly, the combustion 
noise in which the turbulent noise was subtracted from 
the combustion sound can be detected, and this makes 
a high-fidelity realization of the corrected anti-phase 
sound possible; and thereby an improvement of the sup- 
pression effect on the combustion noise by the phase 
interference becomes possible. 



18 

((EIGHTH EMBODIMENT)) 

Next, an eighth working example of the present in- 
vention is explained referring to FIG. 19 and FIG. 20. To 
s those parts having the same construction and perform- 
ing the same function as in the fifth working example 
described before, the same numerals are given, and de- 
tailed explanations on those parts are omitted. And the 
explanation is given mainly on the parts differing from 
the first working example. 

As is shown in FIG. 1 9, two speakers 42 are provid- 
ed for making the noise silencing at two positions of both 
of left and right sides, and corrected anti-phase signal 
is divided and outputted. And, between respective 
speakers 42 and the exhaust outlet 17, two of the sec- 
ond microphone 1 9b are provided respectively. Then, 
two signals obtained from these respective micro- 
phones are added and taken into the signal processing 
means 20. 

By using the above constitution, the combustion 
noise radiated into space from the exhaust outlet 17 is 
detected by two second microphones 1 9b. Since a cor- 
rected anti-phase sounds from those two speakers 42 
are radiated in a manner that the detected combustion 
noise becomes minimum, the sound source constitution 
becomes a negative-positive-negative triplet. Thereby, 
the combustion noise of a radiation pattern shown in 
FIG.20 can be exhibited. 

Moreover, apart from the present working example 
wherein two speakers 42 were placed at two positions 
on left- and right-hand sides, a modified constitution 
may be configured such as placing them on upper and 
tower sides, which also can exhibits the similar effect. 



35 

Claims 

1. A combustion apparatus comprising fuel supply 
control means (1 0, 1 2) controlling the amount of fuel 
to supplied to a burner to be combusted and a feed 
back circuit including a pressure detector (1 9) gen- 
erating an electric signal in response to pressure 
variations substantially being caused by the com- 
bustion and signal processing means (20) produc- 
es ing an anti-phase signal based on the signal from 
said pressure detector and applied to said fuel sup- 
ply control means (10,12) to cancel said pressure 
variations by phase interference, characterized in 
that 

50 

said fuel supply control means include a gas 
flow control valve (10) operating under action 
of a valve controller (12) for controlling a flow 
rate of gas to be supplied to the burner, 
55 said valve controller (12) having a DC voltage 

controller (21 ) feeding a DC voltage to said con- 
trol valve (1 0) and a DC/AC mixing circuit (22) 
superimposing on said DC voltage an AC volt- 
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age corresponding to the anti-phase signal, 
and 

the signal processing means (20) including a 
fixed electric filter (33-1 ) correcting a pressure 6. 
propagation characteristic of a range from said s 
control valve to said pressure detector (19) un- 
der the state of combustion, said pressure 
propagation characteristic having been identi- 
fied beforehand under the state of combustion; 
and 10 
adaptive processing means (34) for computing 
the anti-phase signal; 

said adaptive processing means (34) including 
an adaptive filter (37) operating in response to 
the output of said fixed electric filter (33-1 ) via '5 
a filter coefficient updating circuit (38) as well 
as the signal from the pressure detector direct- 
ly, said filter coefficient updating circuit (38) up- 
dating the coefficients of the adaptive filter and 
means for applying the anti-phase signal of said 20 
adaptive filter processing means to said valve 
controller. 

2. A combustion apparatus in accordance with claim 

1 , wherein 2s 
the signal from the pressure detector (19) is sup- 
plied to the coefficient updating circuit (38) for up- 
dating the coefficients of the adaptive filter. 

3. A combustion apparatus in accordance with claim 30 
1, wherein 

the signal from a second pressure detector (19b) 
detecting the pressure variations at the combustion 
apparatus exhaust outlet is supplied to the coeffi- 
cient updating circuit (38) for updating the coeffi- 3S 
cients of the adaptive filter (37). 

4. A combustion apparatus in accordance with claim 
1 , characterized In that: 

40 

the pressure detector (19a) is arranged in a 
combustion chamber; 7. 
a further pressure detector (1 9b) is arranged at 
an exhaust outtet; 

said fixed electric filter (33-2) is adapted to cor- «s 
rect the pressure propagation characteristic of 
a range from said control valve (10) to said fur- 
ther pressure detector (19b), said pressure 
propagation characteristic having been identi- 
fied beforehand under the state of combustion; so 
and the signal from the further pressure detec- 
tor (1 9b) is supplied to the coefficient updating 
circuit (38) for updating the coefficients of the 
adaptive filter (37). 

55 

5. A combustion apparatus in accordance with claim 
1 in which the pressure detector (19) is placed in a 
tube (41) of a pressure intake tap (39) opening to 



the combustion chamber (14), said tube holding an 
acoustic damper (40). 

A combustion apparatus wherein fuel and air are 
supplied to a burner, said apparatus comprising a 
feed back circuit including a pressure detector (19) 
generating an electric signal in response to pres- 
sure variations substantially being caused by the 
combustion and signal processing means (20) pro- 
ducing an anti-phase signal based on the signal 
from said pressure detector and applied to an 
acoustic wave generation means (42) to cancel said 
pressure variations by phase interference, charac- 
terized In that 

said acoustic wave generation means (42) is 
provided in a mixing chamber (1 3) in which fuel 
and air are mixed at the upper stream side of a 
burner to generate an anti-phase sound corre- 
sponding to said anti-phase signal; 
the signal processing means (20) including a 
fixed electric filter (33-3) correcting an acoustic 
transfer characteristic of a range from said 
acoustic wave generation means to said pres- 
sure detector (19) under the state of combus- 
tion, said acoustic transfer characteristic hav- 
ing been identified beforehand under the state 
of combustion; and 

adaptive processing means (34) computing the 
anti-phase signal; 

said adaptive processing means (34) including 
an adaptive filter (37) operating in response to 
the output of said fixed electric filter (33-3) via 
a filter coefficient updating circuit (38) as well 
as the signal from the pressure detector direct- 
ly, said filter coefficient updating circuit (38) up- 
dating the coefficients of the adaptive filter; and 
means for applying the anti-phase signal of said 
adaptive filter processing means to said acous- 
tic wave generation means (42). 

A combustion apparatus wherein fuel and air are 
supplied to a burner, said apparatus comprising a 
feed-forward type control including a pressure de- 
tector (19a) generating an electric signal in re- 
sponse to pressure variations substantially being 
caused by the combustion and signal processing 
means (20) producing an anti-phase signal based 
on the signal from said pressure detector and ap- 
plied to an acoustic wave generation means (42) to 
cancel said pressure variations by phase interfer- 
ence, characterized in that 

said acoustic wave generation means (42) for 
generating the anti-phase sound is provided at 
the upper side of an exhaust outtet (17); 
the pressure detector (19a) is arranged in a 
combustion chamber; 
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a further pressure detector (19b) is provided 
between and in proximity to the exhaust outlet 
(17) and said acoustic wave generation means 
(42); 

the signal processing means (20) including a s 
fixed electric filter (33-3) correcting an acoustic 
transfer characteristic of a range from said 
acoustic wave generation means to said sec- 
ond pressure detector (1 9b) under the state of 
combustion, said acoustic transfer characteris- 10 
tic having been identified beforehand under the 
state of combustion; 

adaptive processing means (34) computing the 
anti-phase signal; 

said adaptive processing means (34) including 15 
an adaptive filter (37) operating in response to 
the output of said fixed electric filter (33-3) via 
a filter coefficient updating circuit (38) as well 
as the signal from the pressure detector direct- 
ly, and 20 
said filter coefficient updating circuit (38) updat- 
ing the coefficients of the adaptive filter (37). 

A combustion apparatus wherein fuel and air are 
supplied to a burner, said apparatus comprising a 2$ 
feed-forward type control including a pressure de- 
tector (19a) generating an electric signal in re- 
sponse to pressure variations substantially being 
caused by the combustion and signal processing 
means (20) producing an anti-phase signal based 30 
on the signal from said pressure detector and ap- 
plied to an acoustic wave generation means (42) to 
cancel said pressure variations by phase interfer- 
ence, characterized In that 

35 

a mixing chamber is arranged in which fuel and 
air are mixed; 

said acoustic wave generation means (42) for 
generating the anti-phase sound is provided at 
the upper side of an exhaust outlet (17); 40 
the pressure detector (1 9a) detects the pres- 
sure variation caused by the combustion either 
in the burner part (13) or an exhaust duct (16) 
for leading the exhaust gas of combustion to 
the exhaust outlet (17); *s 
a further pressure detector (19b) is provided 
between and in proximity to the exhaust outlet 
(17) and said acoustic wave generation means 
(42); 

the signal processing means (20) including a so 
fixed electric filter (33-3) correcting an acoustic 
transfer characteristic of a range from said 
acoustic wave generation means to said sec- 
ond pressure detector (19b) under the state of 
combustion, said acoustic transfer characteris- ss 
tic having been identified beforehand under the 
state of combustion; 

adaptive processing means (34) computing the 



anti-phase signal; 

said adaptive processing means (34) including 
an adaptive filter (37) operating in response to 
the output of said fixed electric fitter (33-3) via 
a fitter coefficient updating circuit (38) as well 
as the signal from the pressure detector direct- 
ly, and 

said filter coefficient updating circuit (38) updat- 
ing the coefficients of the adaptive filter (37). 

9. A combustion apparatus in accordance with one of 
claims 6 to 8 further comprising: 

a plural number of acoustic wave generation 
means (42) provided at the edge of the exhaust 
outlet (17), and 

a plural number of second pressure detectors 
(19b) provided respectively between said ex- 
haust outlet (17) and said acoustic wave gen- 
eration means (42). 



Patentanspruche 

1. Verbrennungsvorrichtung, die Kraftstoffversor- 
gungs-Steuerungseinrichtungen (10, 12) umfaftt, 
die den Betrag des Kraftstoffes, der zu einem Bren- 
ner geliefert wird, um verbrannt zu werden, steuern, 
und eine RQckkopplungsschaltung umfaftt, die ei- 
nen Druckdetektor (1 9) beinhaltet, welcher ein elek- 
trisches Signal in Antwort auf die Druckveranderun- 
gen, welche im wesentlichen durch die Verbren- 
nung verursacht werden, erzeugt, und Signalverar- 
beitungseinrichtungen (20) umfaftt, die ein Antipha- 
sensignal basierend auf dem Signal von dem 
Druckdetektor herstellen und welches an die Kraft- 
stoffversorgungs-Steuerungseinrichtungen (1 0, 
12) geliefert wird, um die Druckveranderungen 
durch Phaseninterferenz auszuloschen, dadurch 
gekennzelchnet, daft 

die Kraftstoffversorgungs-Steuerungseinrich- 
tung ein Gasfluft-Steuerungsventil (10) be- 
inhaltet, welches unter Wirkung einer Ventil- 
steuerungseinrichtung (12) zum Steuern einer 
Flu Brat e an Gas, welches an den Brenner zu 
liefern ist, funktioniert, 

die Ventilsteuerungseinrichtung (12) eine 
Gleichspannungs-Steuerungseinrichtung (21 ), 
welche eine Gleichspannung in das Steue- 
rungsventil (10) einspeist und eine Gleichspan- 
nungs/Wechselspannungs-Vermischungs- 
schaltung (22) hat, die die Gleichspannung ei- 
ner Wechselspannung korrespondierend zu 
dem Antiphasen signal uberlagert, und 
die Signalverarbeitungseinrichtung (20) einen 
festgesetzten elektrischen Filter (33-1) be- 
inhaltet, welcher eine Druckausbreitungscha- 
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rakteristik eines Bereiches von dem Steue- 
rungsventil zu dem Druckdetektor (19) unter 
dem Verbrennungszustand korrigiert, wobei 
die Druckausbreitungscharakteristik vomer 
wahrend des Verbrennungszustandes identifi- 5 
ziert worden ist; und 

anpassungsfahige Verarbeitungseinrichtun- 
gen (34) zum Berechnen des Antiphasensigna- 
les; 

die anpassungsfahige Verarbeitungseinrich- 10 
tung (34) einen anpassungsfahigen Filter (37) 
beinhalten, welcher in Antwort auf den Aus- 
gang des festgesetzten elektrischen Filters 
(33-1) Goer eine Filterkoeffizienten-Aktualisie- 
rungsschaltung (38) als auch dem Signal von is 
dem Druckdetektor direkt funktioniert, wobei 
die Filterkoeffizienten-Aktualisierungsschal- 
tung (38) die Koeffizienten des anpassungsfa- 
higen Filters aktualisiert; und 
Einrichtungen zum Anwenden des Antiphasen- 20 
signales von den anpassungsfahigen Filter- 
Verarbeitungseinrichtungen auf die Ventil- 
steuerungseinrichtung. 

2. Verbrennungsvorrichtung nach Anspruch 1 , worin 2$ 
das Signal von dem Druckdetektor (19) an die Ko- 
effizienten-Aktualisierungsschattung (38) zum Ak- 
tualisieren der Koeffizienten des anpassungsfahi- 
gen Fitters geliefert wird. 

30 

3. Verbrennungsvorrichtung nach Anspruch 1 , worin 
das Signal von einem zweiten Druckdetektor (19b), 
welcher die Druckveranderungen an dem Verbren- 
nungsvorrichtungs-Ausbiasausgang detektiert, an 

die Koeffizienten-Aktualisierungsschaltung (38) 35 
zum Aktualisieren der Koeffizienten des anpas- 
sungsfahigen Filters (37) geliefert wird. 

4. Verbrennungsvorrichtung nach Anspruch 1, da- 
durch gekennzeichnet, daft 40 
der Druckdetektor (19a) in einer Verbrennungs- 
kammer angeordnet ist; ein weiterer Druckdetektor 
(19b) in einem Ausblasausgang angeordnet ist; der 
festgesetzte elektrische Filter (33-2) dazu geeignet 

ist, die Druckausbreitungscharakteristik von einem 45 
Bereich von dem Steuerungsventil (10) zu dem wei- 
teren Druckdetektor (19b) zu korrigieren, wobei die 
Druckausbreitungscharakteristik vorher wahrend 
des Zustandes der Verbrennung identifiztert wor- 
den ist; und das Signal von dem weiteren Druckde- so 
tektor (19b) an die Koeffizienten-Aktualisierungs- 
schaltung (38) zum Aktualisieren der Koeffizienten 
des anpassungsfahigen Filters (37) geliefert wird. 

5. Verbrennungsvorrichtung nach Anspruch 1 , in we I- ss 
cher der Druckdetektor (19) in einer Rohre (41) ei- 
ner Druckansaugbohrung (39), die zu der Verbren- 
nungskammer (14) geoffnet ist, plaziert ist, wobei 



die Rohre einen akustischen Dampfer (40) haft. 

6. Verbrennungsvorrichtung, worin Kraftstoff und Luft 
an einen Brenner geliefert werden, wobei die Vor- 
richtung eine Ruckkopplungsschaltung, welche ei- 
nen Druckdetektor (19), der ein elektrisches Signal 
in Antwort auf die Druckveranderungen, die im we- 
sentlichen durch die Verbrennung erzeugt werden, 
erzeugt, beinhaltet, und Signalverarbeitungsein- 
richtungen (20), die ein Antiphasensignal basierend 
auf dem Signal von dem Druckdetektor herstellen 
und welches auf eine akustische Wellenerzeu- 
gungseinrichtung (42) angewendet wird, urn die 
Druckveranderungen durch Phaseninterferenz 
auszuldschen, umfaftt, dadurch gekennzetchnet, 
daft 

die akustische Wellenerzeugungseinrichtung 
(42) in einer Mischkammer (1 3) angeordnet ist, 
in welcher Kraftstoff und Luft in der oberen 
Stromseite eines Brenners vermischt werden, 
urn einen Antiphasenklang korrespondierend 
zu dem Antiphasensignal zu erzeugen; 
die Signalverarbeitungseinrichtung (20) einen 
festgesetzten elektrischen Filter (33-3) be- 
inhaltet, welcher eine akustische Gbertra- 
gungscharakteristik eines Bereiches von der 
akustischen Wellenerzeugungseinrichtung zu 
dem Druckdetektor (19) wahrend des Zustan- 
des der Verbrennung korrigiert, wobei die aku- 
stische Ubertragungscharakteristik vorher 
wahrend des Zustandes der Verbrennung iden- 
tifiziert worden ist; und 

anpassungsfahige Verarbeitungseinrichtung 
(34), die das Antiphasensignal berechnet; 
die anpassungsfahige Verarbeitungseinrich- 
tung (34) einen anpassungsfahigen Fitter (37) 
beinhaltet, welcher in Antwort auf den Ausgang 
des festgesetzten elektrischen Filters (33-3) 
Ober eine Filterkoeffizienten-Aktualisierungs- 
schattung (38) als auch dem Signal von dem 
Druckdetektor direkt funktioniert, wobei die Fil- 
terkoeffizienten-Aktualisierungsschaltung (38) 
die Koeffizienten des anpassungsfahigen Fil- 
ters aktualisiert; und 

Einrichtungen zum Anwenden des Antiphasen- 
signals von der anpassungsfahigen Filter- Ver- 
arbeitungseinrichtung auf die akustische Wel- 
lenerzeugungseinrichtung (42). 

7. Verbrennungsvorrichtung, worin Kraftstoff und Luft 
an einen Brenner geliefert werden, wobei die Vor- 
richtung eine Steuerung vom Typ der Optimalwerts- 
teuerung umfaftt, welche einen Druckdetektor 
(19a) beinhaltet, der ein elektrisches Signal in Ant- 
wort auf die Druckveranderungen erzeugt, die im 
wesentlichen durch die Verbrennung erzeugt wer- 
den und die Signalverarbeitungseinrichtung (20) 
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umfaGt, welche ein Antiphasensignal basierend auf 
dem Signal von dem Druckdetektor herstellt und 
welches auf eine akustische Wellenerzeugungsein- 
richtung (42) angewendet wird, umdie Druckveran- 
derungen durch Phaseninterferenz auszuldschen, 5 
dadurch gekennzelchnet, daG 

die akustische Wellenerzeugungseinrichtung 
(42) zum Erzeugen des Antiphasenklanges an 
der oberen Seite eines Ausblasausganges (17) 10 
geliefert wird; 

der Druckdetektor (1 9a) in einer Verbrennungs- 
kammer angeordnet ist; ein weiterer Druckde- 
tektor (19b) zwischen und in unmittelbarer Na- 
he zu dem Ausblasausgang (17) und der aku- is 
stischen Wellenerzeugungseinrichtung (42) 
angeordnet ist; 

die Signatverarbeitungseinrichtung (20) einen 
festgesetzten elektrischen Filter (33-3) be- 
inhaltet, welcher eine akustische Ubertra- 20 
gungscharakteristik eines Bereiches von der 
akustischen Wellenerzeugungseinrichtung zu 
dem zweiten Druckdetektor (1 9b) wahrend des 
Zustandes der Verbrennung korrigiert, wobei 
die akustische Ubertragungscharakteristik vor- 2$ 
her wahrend des Zustandes der Verbrennung 
identifiziert worden ist; 

anpassungsfahige Verarbeitungseinrichtun- 
gen (34), welche das Antiphasensignal berech- 
nen; 30 
die anpassungsfahigen Verarbeitungseinrich- 
tungen (34) einen anpassungsfahigen Fitter 
(37) beinhatten, welcher in Antwort auf den 
Ausgang des festgesetzten elektrischen Filters 
(33-3) Ober eine Filterkoeffizienten-Aktualisie- 35 
rungsschaftung (38) als auch dem Signal von 
dem Druckdetektor direkt funktioniert, und 
die Filterkoeffizienten-Aktualisierungsschal- 
tung (38) die Koeffizienten des anpassungsfa- 
higen Filters (37) aktualisiert. to 

Verbrennungsvorrichtung, worin Kraftstoff und Luft 
an einen Brenner geliefert werden, wobei die Vor- 
richtung eine Steuerung vom Typ der Optimalwerts- 
teuerung umfaBt, welche einen Druckdetektor ts 
(19a) beinhaltet, der ein elektrisches Signal in Ant- 
wort auf die Druckveranderungen erzeugt, die im 
wesentlichen durch die Verbrennung verursacht 
werden und Signatverarbeitungseinrichtungen (20) 
umfaGt, welche ein Antiphasensignal basierend auf so 
dem Signal von dem Druckdetektor herstellt und 
welches an eine akustische Wellenerzeugungsein- 
richtung (42) zum Ausloschen der Druckverande- 
rungen durch Phaseninterferenz geliefert wird, da- 
durch gekennzelchnet, dafc 55 

eine Mischkammer angeordnet ist, in welcher 
Kraftstoff und Luft vermischt werden; 



die akustische Wellenerzeugungseinrichtung 
(42) zum Erzeugen des Antiphasenklanges in 
der oberen Seite eines Ausblasaustasses (17) 
angeordnet ist; 

der Druckdetektor (19a) die Druckveranderun- 
gen detektiert, weiche durch die Verbrennung 
entweder in dem Brennerteil (13) oder eine 
Ausblasrohrleitung (16) zum Fuhren der Aus- 
blasgase von der Verbrennung zu dem Aus- 
blasauslaB (17) verursacht werden; 
ein weiterer Druckdetektor (19b) zwischen und 
in unmittelbarer Nahe zu dem AusblasauslaB 
(17) und der akustischen Wellenerzeugungs- 
einrichtung (42) angeordnet ist; 
die Signalverarbeitungseinrichtung (20) einen 
festgesetzten elektrischen Filter (33-3) be- 
inhaltet, welcher eine akustische Ubertra- 
gungscharakteristik eines Bereiches von der 
akustischen Wellenerzeugungseinrichtung zu 
dem zweiten Druckdetektor (19b) wahrend des 
Zustandes der Verbrennung korrigiert, wobei 
die akustische Ubertragungscharakteristik vor- 
her wahrend des Zustandes der Verbrennung 
identifiziert worden ist; 

anpassungsfahige Verarbeitungseinrichtung 
(34), welche das Antiphasensignal berechnet; 
die anpassungsfahige Verarbeitungseinrich- 
tung (34) beinhaltet einen anpassungsfahigen 
Filter (37), welcher in Antwort auf den Ausgang 
des festgesetzten elektrischen Filters (33-3) 
uber eine Filter koeffizienten- Aktualisieru ngs- 
schattung (38) als auch dem Signal von dem 
Druckdetektor direkt funktioniert, und 
die Filterkoeffizienten-Aktualisierungsschal- 
tung (38) die Koeffizienten des anpassungsfa- 
higen Filters (37) aktualisiert. 

9. Verbrennungsvorrichtung nach einem der Anspru- 
che 6 bis 8, weiterhin umfassend: 
eine Vielzahl von akustischen Wellenerzeugungs- 
einrichtungen (42), die an dem Rand des Ausblas- 
auslasses (17) angeordnet sind, und eine Vielzahl 
von zweiten Druckdetektoren (19b), weiche jeweils 
zwischen dem AusblasauslaB (1 7) und der akusti- 
schen Wellenerzeugungseinrichtung (42) angeord- 
net sind. 



Revendlcatlons 

1. Appareil de combustion comprenant un moyen de 
commande d'alimentation en combustible (10, 12) 
commandant la quantite du combustible foumi a un 
bruleur pour 3tre brule et un circuit de retroaction 
comprenant un detecteur de pression (1 9) g6nerant 
un signal electrique en reponse aux variations de 
pression qui sont principatement provoquees par la 
combustion et un moyen de traitement du signal 



14 



27 



EP 0 593 045 B1 



28 



(20) produisant un signal en opposition de phase 
sur (a base du signal provenant dudit detecteur de 
pression et applique audit moyen de commande 
d'alimentation en combustible (10, 12) afin d'annu- 4. 
ler (esdites variations de pression grace a I' intend- s 
rence des phases, caracterisd en ce que 

ledit moyen de commande d'alimentation en 
combustible comprend une soupape de com- 
mande de debit de gaz (10) fonctionnant sous 10 
Taction d'un contrdleur de soupape (12) destine 1 
a commander un debit du gaz a fournir au brO- 
leur, 

ledit contrdleur de soupape (1 2) comportant un 
contrdleur de tension en courant continu (21) *5 
appliquant une tension en courant continu a la- 
dite soupape de commande (10) et un circuit 
m6langeur courant continu/courant altematif 
(22) superposant a ladite tension en courant 
continu une tension en courant altematif cor- 20 
respondant au signal en opposition de phase, 
et 

le moyen de traitement du signal (20) compre- 5. 
nant un filtre 6lectrique fixe (33-1) qui corrige 
une caracteristique de propagation de pression 25 
sur une plage entre ladite soupape de com- 
mande et ledit detecteur de pression (1 9) dans 
un etat de combustion, ladite caracteristique de 
propagation de pression ayant 6t6 identified a 6. 
I'avance dans un 6tat de combustion, et 30 
un moyen de traitement adaptatif (34) destine 
a calculer le signal en opposition de phase, 
ledit moyen de traitement adaptatif (34) com- 
prenant un filtre adaptatif (37) fonctionnant en 
r6ponse a la sortie dudit filtre electrique fixe 35 
(33-1 ) par I'intermddiaire d'un circuit de mise a 
jou r de coefficients de filtre (38) de m§me qu'au 
signal provenant directement du detecteur de 
pression, ledit circuit de mise a jour de coeffi- 
cients de filtre (38) mettant a jour les coeffi- *o 
cients du filtre adaptatif, et 
un moyen destine" a appliquer le signal en op- 
position de phase dudit moyen de traitement a 
filtre adaptatif audit contrdleur de soupape. 

45 

2. Appareil de combustion selon la revendication 1, 
dans lequel 

le signal provenant du detecteur de pression 
(10) est applique au circuit de mise a jour de coef- 
ficients (38) destine a mettre a jour les coefficients so 
du filtre adaptatif. 

3. Appareil de combustion selon la revendication 1 , 
dans lequel 

le signal provenant d'un second detecteur de 55 
pression (19b) qui ddtecte les variations de pres- 
sion au niveau de I'orifice de sortie ddvacuation de 
Pappareil de combustion est applique au circuit de 



mise a jour de coefficients (38) destine a mettre a 
jour les coefficients du filtre adaptatif (37). 

Appareil de combustion selon la revendication 1, 
caracterise 1 en ce que : 

le detecteur de pression (1 9a) est agenc6 dans 
une chambre de combustion, 
un autre detecteur de pression (19b) est agen- 
ce dans un orifice d'evacuation, 
ledit filtre Electrique fixe (33-2) est adapts pour 
corriger la caracteristique de propagation de 
pression sur une plage entre ladite soupape de 
commande (1 0) et ledit autre detecteur de pres- 
sion (19b), ladite caracteristique de propaga- 
tion de pression ayant 6te identified a i'avance 
dans un 6Xat de combustion, et le signal prove- 
nant de I'autre detecteur de pression (19b) est 
applique au circuit de mise a jour de coefficients 
(38) destine a mettre a jour les coefficients du 
filtre adaptatif (37). 

Appareil de combustion selon la revendication 1, 
dans lequel le detecteur de pression (19) est place 
dans un tube (41 ) d'une prise d'entrde de pression 
(39) ouverte sur la chambre de combustion (14), le- 
dit tube contenant un amortisseur acoustique (40). 

Appareil de combustion dans lequel du combustible 
et de I'air sont fournis a un brOleur, ledit appareil 
comprenant un circuit de retroaction incluant un de- 
tecteur de pression (1 9) qui geYiere un signal elec- 
trique en reponse a des variations de pression qui 
sont provoqu6es principalement par la combustion, 
et un moyen de traitement du signal (20) produisant 
un signal en opposition de phase sur la base du si- 
gnal provenant dudit detecteur de pression et ap- 
plique a un moyen de generation d'onde acoustique 
(42) afin d'annuler lesdites variations de pression 
par interference des phases, caracterise en ce que 

ledit moyen de generation d'onde acoustique 
(42) est dispose dans une chambre de melange 
(13) dans laquelle le combustible et i'air sont 
melanges du c6t6 amont d'un brOleur afin de 
g6n6rer un son en opposition de phase qui cor- 
respond audit signal en opposition de phase, 
le moyen de traitement du signal (20) compre- 
nant un filtre eiectrique fixe (33-3) qui corrige 
une caracteristique de transfert acoustique sur 
une plage entre ledit moyen de generation 
d'onde acoustique et ledit detecteur de pres- 
sion (1 9) dans un etat de combustion, ladite ca- 
racteristique de transfert acoustique ayant 6te 
identifiee a I'avance dans un 6tat de combus- 
tion, et 

un moyen de traitement adaptatif (34) qui cal- 
cule le signal en opposition de phase, 
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ledit moyen de trailem8nt adaptatif (34) com- 
prenant un filtre adaptatif (37) qui fonctionne en 
reponse a la sortie dudit filtre electrique fixe 
(33-3) par I'interm6diaire d'un circuit de mise a 
jour de coefficients de filtre (38) de meme qu'au s 
signal provenant directement du detecteur de 
pression, ledit circuit de mise a jour de coeffi- 
cients de filtre (38) mettant a jour les coeffi- 
cients du filtre adaptatif, et 
un moyen destine a appliquer le signal en op- io 
position de phase dudit moyen de trait em ent a 
filtre adaptatif audit moyen de generation d'on- 
de acoustique (42). 

Appareil de combustion dans iequel du combustible 15 
et de Pair sont fournis a un brOleur, ledit appareil 
comprenant une commande du type a retroaction 
incluant un detecteur de pression (19a) qui genere 
un signal electrique en reponse a des variations de 
pression qui sont provoquees principalement par la 20 
combustion, et un moyen de traitement du signal 
(20) produisant un signal en opposition de phase 
sur la base du signal provenant dudit detecteur de 
pression et applique a un moyen de generation 
d'onde acoustique (42) afin d'annuler lesdites va- 2s 
nations de pression par interference des phases, 
caracterise en ce que 

ledit moyen de generation d'onde acoustique 
(42) destine a g6n6rer le son en opposition de 30 
phase est dispose sur le c6te superieur d'un ori- 
fice d'evacuation (17), 

le detecteur de pression (1 9a) est age nee dans 
une chambre de combustion, 
un autre detecteur de pression (1 9b) est dispo- 35 
se entre I'orifice d'evacuation (17) et ledit 
moyen de generation d'onde acoustique (42) et 
a proximite de ceux-ci, 

le moyen de traitement du signal (20) compre- 
nant un filtre electrique fixe (33-3) qui corrige to 
une caracteristique du transfert acoustique sur 
une plage entre ledit moyen de generation 
d'onde acoustique et ledit detecteur de pres- 
sion (19b) dans un 6tat de combustion, ladite 
caracteristique de transfert acoustique ayant ts 
ete identifies a I'avance dans un etat de com- 
bustion, 

un moyen de traitement adaptatif (34) qui cal- 
cule le signal en opposition de phase, 
ledit moyen de traitement adaptatif (34) com- so 
prenant un filtre adaptatif (37) qui fonctionne en 
reponse a la sortie dudit filtre electrique fixe 
(33-3) par ('intermedial re d'un circuit de mise a 
jour de coefficients de filtre (38), de meme 
qu'au signal provenant directement du d6tec- & 
teur de pression, et 

(edit circuit de mise a jour de coefficients de fil- 
tre (38) mettant a jour les coefficients du filtre 



adaptatif (37). 

8. Appareil de combustion dans iequel du combustible 
et de i'air sont fournis a un brOleur, ledit appareil 
comprenant une commande du type a retroaction 
incluant un detecteur de pression (19a) qui genere 
un signal electrique en reponse a des variations de 
pression qui sont provoquees principalement par la 
combustion, et un moyen de traitement du signal 
(20) produisant un signal en opposition de phase 
sur la base du signal provenant dudit detecteur de 
pression et applique a un moyen de generation 
d'onde acoustique (42) afin d'annuler lesdites va- 
riations de pression par interference des phases, 
caracterise en ce que 

une chambre de melange est agenc6e, dans 
laquelle du combustible et de i'air sont melan- 
ges, 

ledit moyen de generation d'onde acoustique 
(42) destine a gen ere r le son en opposition de 
phase est dispose au niveau du cdte superieur 
d'un orifice d'6vacuation (17), et 
le detecteur de pression (1 9a) detecte la varia- 
tion de pression provoqu6e par la combustion 
sort dans la part ie de brQIeu r (1 3), soit dans une 
conduite d'evacuation (16) pour destine e a 
acheminer le gaz d'evacuation de la combus- 
tion vers I'orifice d'evacuation (17), 
un autre detecteur de pression (1 9b) est dispo- 
se entre I'orifice d'evacuation (17) et ledit 
moyen de generation d'onde acoustique (42) et 
a proximite de ceux-ci, 

le moyen de traitement du signal (20) compre- 
nant un filtre electrique fixe (33-3) qui corrige 
une caracteristique de transfert acoustique sur 
une plage entre ledit moyen de generation 
d'onde acoustique et ledit second detecteur de 
pression (19b) dans un etat de combustion, la- 
dite caracteristique de transfert acoustique 
ayant ete identifiee a I'avance dans un etat de 
combustion, 

un moyen de traitement adaptatif (34) qui cal- 
cule le signal en opposition de phase, 
ledit moyen de traitement adaptatif (34) com- 
prenant un filtre adaptatif (37) qui fonctionne en 
reponse a la sortie dudit filtre electrique fixe 
(33-3) par I*interm6diaire d'un circuit de mise a 
jour de coefficients de filtre (38), de meme 
qu'au signal qui provient directement du detec- 
teur de pression, et 

ledit circuit de mise a jour de coefficients de fil- 
tre (38) mettant a jour les coefficients du filtre 
adaptatif (37). 

9. Appareil de combustion selon Tune quelconque des 
revendications 6 a 8 comprenant en outre : 
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un nombre multiple de moyens da generation 
d'ondo acoustique (42) disposes au niveau du 
bord de I'orifice d'evacuation (17), et 
un nombre multiple de seconds d6tecteurs de 
pression (1 9b) disposes respect ivement entre 5 
ledit orifice d'evacuation (17) et (edit moyen de 
generation d'onde acoustique (42). 
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FIG. 4 
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FIG 5 (a) Output waveform of fixed filter 
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FIG. 5 (b) Output waveform of anti-phase signal 




Time 



r- r* c / ^ Anti -phase pressure waveform propagating 
F I yj. b (C J down to the combustion chanter (solid line) 
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FIG. 6 
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FIG.7 
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FIG. 13 



Noise silencing characteristic 
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Output waveform shewing pressure 
r- t r> / \ propagation characteristic (from 
F I G . 22 (a) monitoring means 8 to microphone 5) 
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FIG. 22 (b) Output waveform of anti -phase signal 
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FIG. 22(c) 



Pressure waveform propagating down 
to the chanter 1 (solid line) 
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